To attain the optical precision necessary to precisely quantify fluorescent or calorimetric signals, analytical systems have typically included quality-controlled cuvettes, flow cells, or dual-beam reference systems. We describe a system where a fluorescence or transmittance signal is quantified in single, standard, 12-mm-diameter polystyrene test tubes. Tube-totube variation is minimized by referencing the primary signal to a second reference signal. The tube is carefully oriented within a positioner that allows for the precise placement of the tube within a light path 7.6 mm in diameter. The detection system allows for use of either four pairs of fluorescence excitation/emission wavelengths or eight transmittance wavelengths, which are selected by using specific interference filters. The impact of temperature, tube imperfections, surface flaws, and distortions is minimized by using a reference ratio. Fluorescence is measured with an orthogonal photomultiplier tube, and transmittance with a photodiode; both are illuminated with an ordinary long-life tungstenhalogen lamp. This system is used with the Becton Dickinson AFFINrrv' system, an automated random-access analyzer with analyte-specific unit-package reagents. The polystyrene tube of the reagent package, which has an antibody-absorbed surface, serves as both the cuvette and the separation medium. Use of the reference ratio method reduces intertube imprecision of fluorometric or transmittance signals, for more precise quantification of various analytes. to the optical system for quantification. Becton Dickinson has developed a system designed to address these issues and provide highly precise measurements of both fluorescence and transmittance.
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Diagnostic instrumentation
has always been concerned with the need to quantitatively differentiate the desired, specific signal from that of ancillary noise, or nonspecific, signal. This requirement has generally been addressed by, among other options, carefully controlling the optical quality of the detection cuvette, using dual-beam referencing compensation (1), or using flow cells, where the optical characteristics remain constant for all the samples determined (2-5). The limitations to such systems are twofold: (a) the costs of these types of control systems, which require sophisticated and expensive detection systems, are generally quite high, and (or) (b) the critical kinetic or endpoint reactions are performed elsewhere and the reagents are transferred to the optical system for quantification. Becton Dickinson has developed a system designed to address these issues and provide highly precise measurements of both fluorescence and transmittance.
Designated the 'FINFFY" system, this bench-top instrument utilizes a round 12-mmdiameter polystyrene test tube as both the reaction chamber and the cuvette for quantifying the optical signal. Moreover, some of the tubes may have specific antibody absorbed to their surface for use in heterogeneous immunoassays or may serve as a reaction vessel for homogeneous immunoassay determinations. These assay protocols are made possible by the following integral parts of the system. #{149} All the nonlyophilized reagents necessary to perform a specifictest are packaged ready to use in a discrete test unit, a 9.0 x 1.8 X 3.7 cm five-well polypropylene container. This unit is sealed with specific bar-code identification. The polystyrene tube/cuvette is also contained within this package.
#{149}
The instrument precisely perfonns all fluid transfers, and temperature control, for both transferred reagents and incubating reactions, providing a constant reaction environment.
#{149} All scheduling and timing of the system is microprocessor-controlled, according to the specific, bar-code-identified test unit with which the system is presented; scheduling is updated as new test units are loaded. #{149} The utility of a round, ordinary polystyrene tube is made possible through the detection of two distinct signals-the first associated with the specific wavelength for the reaction being performed, the second being either transmttance at a wavelength distinct from the absorption profile of the reporter signal (for a colorimetric product) or fluorescence of a second fluorescent dye that is not affected by the primary, specific reaction. For analyte quantification, the ratio between the reporter and the reference signal is compared with that from a previously established calibration curve.
Here we describe the detailed function of this optical system and report the typical precision obtained, especially for fluorometric signals, in the 12-mm-diameter polystyrene test tubes. 
Materials and Methods
Reagents
Results and Discussion
Ratioing techniques, commonly used for transmittance determinations (6), can be even more valuable for fluorescence measurements, because the quantum efficiencies of fluors are typically more sensitive to various environmental factors, e.g., temperature (7) . Fluorescent pairs can be selected and matched to minimize the effect of temperature variation on the ratio offluorescence emission. Because SRB (excitation filter 560 mn, emission filter 590 tim) has a large negative temperature coefficient (Figure 2) , we examined numerous fluors to find one with a similar temperature dependence. Although we were unable to identify a single fluor with a suitable temperature coefficient, the equimolar mixture of Oxazine 725 perchlorate and Nile Blue perchlorate (referred to subsequently as "mixed oxazines")-excitation ifiter 630 tim, emission filter 660 nm-closely matched the SRB temperature proffle. That match is confirmed by the lack of ratio variation with changes in temperature. To assessthe effect of the position of the filter wheel, we measured any concomitant variation in light intensity while advancing the ifiter wheel in single steps through the centerline position of a single filter. As Figure 3 shows, the measured fluorescence of SRB and mixed oxazines varied through the measured rotation. Also shown is the compensation achieved with the combination of SRB/oxazine. The SRB/mixed oxazines ratio is essentially insensitive to position over eight offset positions and to the associated variations. Despite this apparent latitude, the filter wheel is controlled to a single step, which is confirmed by the motorshaft encoder. Figure 4 illustrates the within-run precision of concentration measurements with SRB and SRB/mixed oxazines ratio. The CV range with SRB only is 1 to 3%. The corresponding precision of the ratio is <0.5% over an SRB concentration range of 5 to 200 nmolJL.
Sensitivity to optical variations in tubes was examined by reading various tubes oriented at 90#{176}, 180#{176}, and 270#{176} longitudinal offsets from 0#{176}. Comparing the SRB results from the rotated tubes with those at the initial position showed a variance of 1.5% to 4.8%. The mean SRB/oxazine ratio measured for variations of all positions varied <1% from the initial measurement, again confirming the utility of this technique.
Although the SRB and the mixed oxazine fluors show relative temperature independence, the defined AFFINITY system provides a constant temperature environment of 37 #{176}C. We also have identified a second dye pair, having greater storage stability: SR1O1 (excitation ifiter 590 nm, emission filter 630 tim) and MPT. With temperature-dependent variations thus accounted for, we could now focus on tube variation and effects of tube/cuvette positioning. Consequently, we measured tube-to-tube variation in 30 different tubes ( Figure 5 ). The range of variation for MP'F was 0.6%, SR1O1 0.4%, and the ratio for MPT/SR1O1 was 0.3%. Tube variations were purposely increased by scratching the optical surface. Orienting these scratched surfaces in the light path reduced the fluorescent signal by approximately 4% and the transmitted signal by approximately 12%. The intertube imprecision was now 1.6% for MVF and 1.2% for SR101, but use of the ratioing technique improved this imprecision to 0.6% for MPT/SR1O1. We noted a similar improvement in transmittance readings obtained with the same scratched tubes.
Several analytical system combine detection capability #{149} reduction of the effects from scratching or otherwise marred optical surfaces #{149} lack of sensitivity to tube position or rotation #{149} insensitivity to filter positioning/light variation #{149} insensitivity to minor temperature variation These factors are especially significant in the design requirements for a relatively low cost, random-access, bench-top diagnostic instrument capable of utilizing economical disposable test packages. The .FFINITY system has been designed to utilize the detector described here, which addresses these factors.
